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Cognitive Task Analysis
(RTO TR-24)

Executive Summary

DEFINITION OF TERMS

Cognitive task analysis is the extension of traditional task analysis techniques to yield information
about the knowledge, thought processes and goal structures that underlie observable task performance.
In recent years, interest in the cognitive aspects of tasks has grown for several reasons. Modern
automated systems have created jobs for humans that are conspicuously cognitive in character,
emphasizing inference, diagnosis, judgment and decision-making. The term ‘Cognitive Task Analysis’
(CTA) began to emerge in reports in the early 1980’s and it encapsulates attempts to apply current
concepts in cognitive psychology to the analysis of complex tasks. Whereas in the 1950’s and 60’s the
major emphasis was on control tasks (flying, steering, managing chemical plant), CTA has been
primarily concerned with decision-making tasks such as air traffic control and military command and
control (C2).

LITERATURE REVIEW

As part of its Programme of Work, RSG.27 on Cognitive Task Analysis has undertaken the task of
reviewing existing cognitive task analysis techniques and computer tools. An analysis of the reviews
themselves shows that a very large number of particular, rather limited methods are described over and
over again. But little is said about how these can be effectively orchestrated into an approach that will
yield a complete analysis of a task or job. Little is said about the conditions under which an approach
or method is appropriate. The literature is also very weak when it comes to specifying the way in
which the products of task analysis should be used in designing either training or systems with which
humans will interact.

WORKSHOP

RSG.27 has organized a workshop with experts in the field of cognitive task analysis. The Workshop
was held in Washington, D.C., USA, October 30-November 1, 1997. The goal of the workshop was to
assess the state of the art by bringing together a diverse, yet representative sample of experts in the
field.

The most important issues that were discussed during the workshop were:
1. The use of CTA in the design of new systems. The difficulty lies in the fact that when we try to

predict future operator behavior, we can only rely on existing operator behavior.
2. The question when to use what technique. It was generally felt that a strict and fixed ordering of

techniques for each project was unrealistic, as the order in which techniques are used may differ
from project to project. Also, use of a single technique was generally felt to be too restrictive:
multiple, coordinated approaches to CTA are required.

3. The role of CTA in system design. Most speakers agreed that CTA should not be a self-contained
activity, the results of which are handed off to system designers. However, this being said, it is still
very often the case that there is no integration between the activities of cognitive psychologists and
system designers (e.g., software engineers).
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MAJOR RECOMMENDATIONS

1. It is important for the CTA community to be able to empirically demonstrate the added value of a
CTA. In this way, the analyst goes beyond mere observations and submits his or her ideas to
empirical tests. Clear performance factors need to be chosen and to be engineered toward.
Examples of performance factors are reaction time, training time, faults detected, firepower,
coverage of weapon systems, etc.

2. It is critical for the success of CTA to be involved in the design process from the start to finish,
and to establish clear links with methods that are used by other disciplines.

3. Due to the fact that customers are rarely willing to pay for an extra CTA, or the same CTA carried
out by a different analyst, empirical tests of the reliability of CTA techniques are rare. More
research effort should be devoted to this area.

MILITARY IMPLICATIONS

The digitization of military forces increases the importance of cognitive work relative to physical
work. User-centered design is a key success factor in the introduction of computers into military
forces. Cognitive task analysis techniques constitute a major part of the user-centered design process.
Therefore, improving the effectiveness and efficiency of these techniques ultimately leads to higher
user acceptance of digitized systems and increased combat power.

The military benefit of Cognitive Task Analysis lies in the following areas:
(1) better match between system functions and human cognitive capabilities
(2) optimization of system performance and workload
(3) improved operational Command and Control team performance
(4) better understanding of abilities needed for the job
(5) enhanced training system design
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l’Analyse des tâches cognitives
(RTO TR-24)

Synthèse

DEFINITION DES TERMES UTILISES

L’analyse des tâches cognitives s’inscrit dans la continuité des techniques traditionnelles d’analyse des
tâches destinées à fournir des informations concernant les connaissances, le fonctionnement de la
pensée et la définition d’objectifs qui sous-tendent l’exécution observable des tâches. Au cours des
dernières années, de plus en plus d’intérêt a été exprimé pour les aspects cognitifs des tâches et ce pour
de nombreuses raisons. Les systèmes modernes automatisés ont créé des emplois qui sont
manifestement cognitifs du point de vue de leur nature, de l’accentuation de l’inférence, du diagnostic,
du jugement et de la prise de décisions. Le terme “Analyse des tâches cognitives” (CTA) est apparu
pour la première fois dans certains rapports au début des années 1980. Il englobe les efforts qui ont été
faits pour appliquer les concepts actuels de la psychologie cognitive à l’analyse de tâches complexes.
Alors que dans les années 1950 et 1960 l’accent majeur avait été mis sur les tâches de contrôle
(pilotage, guidage, gestion de produits chimiques), aujourd’hui, le CTA est principalement utilisé pour
des tâches décisionnelles telles que le contrôle de la circulation aérienne et le C2 militaire.

ETAT DES DOCUMENTS DISPONIBLES

Dans le cadre de son programme de travail, le groupe de recherche scientifique RSG27 sur l’analyse
des tâches cognitives a passé en revue les techniques existantes d’analyse des tâches cognitives et des
outils informatiques associés. Cette analyse montre qu’il s’agit en fait de descriptions répétées d’un
très grand nombre de méthodes spécifiques et quelque peu limitées. Peu d’éléments sont disponibles
sur la manière de faire la synthèse de ces méthodes pour aboutir à une analyse complète d’une tâche ou
d’un travail. De même, il n’y a que très peu d’indications sur les conditions et l’adéquation d’une
approche ou d’une méthode donnée. Enfin, ce passage en revue a permis de constater que presque rien
ne portait sur la définition d’un cheminement permettant d’utiliser les résultats d’analyse de tâches
pour la conception soit de programmes d’entraı̂nement, soit de systèmes impliquant des interactions
homme-machine.

ATELIER

Le groupe RSG27 a organisé un atelier de spécialistes dans le domaine de l’analyse des tâches
cognitives. Cet atelier s’est tenu à Washington, D.C., aux Etats-Unis, du 30 octobre au 1er novembre
1997. Il a eu pour objectif de faire le point de l’état actuel des connaissances en réunissant un groupe
de spécialistes d’origines diverses mais représentatifs dans ce domaine.

Les questions les plus importantes qui ont été discutées lors de l’atelier furent les suivantes :
1. La mise en oeuvre du CTA pour la conception de nouveaux systèmes. La difficulté réside dans le

fait que la seule base disponible pour la prévision du comportement des opérateurs futurs est le
comportement des opérateurs actuels.

2. La question de savoir quand utiliser une technique donnée. De l’avis général, l’attribution stricte et
immuable d’une technique donnée à un projet donné serait peu réaliste, car l’ordre dans lequel les
différentes techniques sont mises en oeuvre change de projet en projet. Parallèlement, l’emploi
d’une seule technique serait trop contraignant. Au contraire, des approches différentes du CTA
multiples et coordonnées sont recommandées.

3. Le rôle du CTA dans la conception des systèmes. La majorité des intervenants étaient de l’avis que
le CTA ne devrait pas être une activité autonome, dont les résultats seraient à distribuer aux
concepteurs de systèmes. Cependant, il est souvent constaté qu’aucune intégration n’existe entre
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les activités des psychologues cognitifs et les concepteurs de systèmes (par exemple les ingénieurs
en logiciel).

RECOMMANDATIONS PRINCIPALES

1. Il est important pour la communauté CTA de pouvoir démontrer la valeur ajoutée du CTA. Ainsi,
l’analyste va au-delà des simples observations et soumet ses idées à des essais empiriques. Il y a
lieu de définir clairement des facteurs de performance et de les incorporer dans le processus de
conception. Des exemples de facteurs de performance sont : les temps de réponse, les durées de
formation, les défauts détectés, la puissance de feu, la couverture des systèmes d’armes, etc...

2. L’acceptation du CTA passe par son implication à tous les niveaux du processus de conception,
ainsi que par la création de liens avec des méthodes mises en oeuvre dans d’autres disciplines.

3. Des essais empiriques de la fiabilité des techniques du CTA sont rares en raison du fait que les
clients sont peu enclins à payer des CTA supplémentaires ou payer le même CTA réalisé par un
analyste différent. Il y a lieu de redoubler les efforts de recherche consacrés à ce domaine.

CONSEQUENCES MILITAIRES

La numérisation des forces militaires met en évidence l’importance des travaux cognitifs sur le travail
physique. La conception orientée utilisateur est un facteur clé dans l’informatisation des forces
militaires. Les techniques d’analyse des tâches cognitives constituent une partie importante du
processus de la conception orientée utilisateur. Par conséquent, toute amélioration de l’efficacité de ces
techniques conduira à une meilleure acceptation par l’utilisateur des systèmes numérisés et à une plus
grande puissance de combat.

Les avantages militaires de l’analyse des tâches cognitives peuvent être résumés comme suit :
(1) meilleure adéquation entre les fonctions système et les capacités cognitives humaines
(2) optimisation des performances système et de la charge de travail
(3) meilleure performance de l’équipe opérationnelle de commandement et contrôle
(4) meilleure compréhension des capacités demandées pour une tâche donnée
(5) meilleure conception des systèmes d’entraı̂nement
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Preface

For almost a century, psychologists have been interested in matching tasks with human capabilities. The ultimate
goal of this endeavour was, and still is, to make work safe, productive, and healthy. Matching tasks with human
capabilities requires a deep understanding both of the task domain and the human practitioner. Over the past 100
years, various techniques have been at the psychologist’s disposal, depending on the nature of work. Before
World War II, psychologists mainly analysed manual work with the aim of improving the efficiency of every
step in the work process. This changed in the 1950’s when the number of white-collar workers started to exceed
the number of blue-collar workers. New techniques were required for analysing mental rather than manual work.
Cognitive task analysis is a broad area consisting of tools and techniques for describing the knowledge and
strategies required for task performance. Cognitive task analysis has implications for the development of expert
systems, training and instructional design, expert decision-making and policy-making. It has been applied in a
wide range of settings, with different purposes, for instance: specifying user requirements in system design or
specifying training requirements in training needs analysis.

Several historical developments have contributed to what we now call ‘cognitive task analysis’. First of all, in
the late 1950’s, it became clear that computers were not just number-crunchers, but rather general-purpose
symbol manipulation machines. Human mental work, in particular problem solving, could be considered a form
of symbol manipulation. Hence, the argument went on; human mental work could be computationally modelled.
The technique used to do such computational modelling was ‘protocol analysis’, followed by the implementation
in the form of production rules. This school of thought, prevalent at Carnegie Mellon University, culminated in
the seminal work by Newell and Simon on “Human Problem Solving” (1972), and continues today in the work
of Anderson and colleagues (1983; 1993; Anderson & Lebière, 1998). Although the computational modelling
approach is first and foremost interested in understanding the architecture of cognition for its own sake, practical
spin-offs have been intelligent tutoring systems and expert systems.

A second development, in the 1960’s, was the growing interest of psychologists in supervisory control tasks in
the military and in civilian industry. Particularly in Great Britain, interest in training issues in process control led
to a general approach to study tasks and task demands, called “Hierarchical Task Analysis” (HTA) (Annett &
Duncan, 1967). On the basis of an HTA, individual techniques can be chosen to solve particular problems, such
as a lack of knowledge by an operator.

A third development was a number of accidents in nuclear and chemical industries (e.g., the Three Mile Island
nuclear power plant accident), which spurred research into how to design tools for operators that would prevent
such accidents. This led to the “cognitive systems engineering” approach in the early 1980’s (e.g., Hollnagel &
Woods, 1983). In this approach, techniques for capturing user requirements are very important.

A fourth development was a growth in knowledge in the basis for expertise (Glaser, 1984), and, in parallel, the
commercialisation of expert systems, starting in the early 1980’s (Hayes-Roth, Waterman, & Lenat, 1983). It
soon became commonplace to refer to the capturing of expert knowledge as the “knowledge elicitation
bottleneck”, as this seemed to be the most time-consuming activity, relative to implementing the knowledge in
the expert system. Numerous books and articles appeared, describing literally dozens of techniques with which
knowledge could be captured. An early attempt to combine the research on expert-novice differences with
knowledge elicitation techniques, can be found in Schraagen (1986).

These multiples, parallel and independent origins all contributed to what has since the beginning of the 1980’s
been referred to as “cognitive task analysis”. Cognitive task analysis is an activity that is not carried out for its
own sake; rather, its primary aim is to dissect “mental work” into more manageable constructs that shed light on
a particular problem. The choice of constructs is determined by the techniques chosen by the analyst, and these
are largely determined by one’s theoretical inclinations.

The increasing importance of cognitive task analysis for military system development was recognised by
NATO’s Panel 8 (Defence Applications of Human and Bio- Medical Sciences) Defence Research Group in 1994,
when an Exploratory Group on Cognitive Task Analysis was established. The Group was chaired by Dr. J.M.C.
Schraagen (TNO Human Factors Research Institute, The Netherlands), and met once in Soesterberg to draft the
Terms of Reference and a Programme of Work for a subsequent Research Study Group (RSG). This RSG was
formally established in the fall of 1995 as RSG.27 on Cognitive Task Analysis. The participating countries were:
The Netherlands (lead nation), United Kingdom, France, and the United States of America. In 1997, Germany
joined the RSG. RSG.27 met six times in three years, starting in January, 1996 (in chronological order:
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Soesterberg, Montreuil-Juigné, London, Washington, Soesterberg, and Versailles). Its main activities consisted of
(a) writing a state-of-the-art review on cognitive task analysis techniques, (b) organising a workshop with
experts in the field in 1997 in Washington, DC, and (c) identifying new developments and issues for further
research. The papers presented at the workshop were edited extensively by Schraagen, Chipman, and Shalin, and
will be published by Lawrence Erlbaum Associates under the title “Cognitive Task Analysis”.

The present Technical Report is the final deliverable of RSG.27 to NATO RTO. It consists of (a) a general
introduction to the field of cognitive task analysis (also to be published as chapter 1 in Schraagen, Chipman, &
Shalin, in press), (b) a state-of-the-art review of cognitive task analysis techniques, and (c) a report on the
workshop with experts in the field.
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